Introduction
Information on traffic-induced air pollution, irrespective of whether the pertinent data are obtained by measuremnt or by numerical modeling, as well as the information about spreading of the pollutants, is an important starting point for planning effective measures to improve air quality in urban areas. Such information may be used by the authorized institutions in the urban planning of the endangered area, planning traffic regime, as well as in establishing the appropriate monitoring systems for warning people about the adverse effects to their health.
First measurements of the concentrations of particulate matter and studies of the effects on human health can be dated to the early 1970s, starting from large size partuclates to those of very small diameters (<10 m  ) [1] . Measurement of the concentrations of air pollutants such as sulfur dioxide, nitrogen dioxide, black smoke (BS) and sedimenting matter in the Republic of Serbia began just in the middle of the 1990s. Measurements of the concentration of total suspended particles (diameter  10 m  ) have been carried out only for the purpose of pollution detection, with minimal data coverage of 14% at an annual level [2] . Systematic measurements of PM10 (diameter <1 m  ) on the territory of Vojvodina Province has not been realized in full yet, although a network for automatic monitoring of air quality, consisting of seven automatic measuring stations with a total of four analyzers for monitoring PM10 concentration was established in 2008.
In view of the requirements of the European Directives, defining mean daily tolerable concentration of PM10 with a limited number of days exceeding the limit in a year, mean annual values of PM10 concentration, as well as margin of tolerance, we are faced with new tasks in the area of air quality management that would enable forecasting of the concentration of polluting matter [2, 3] . In view of this, the aim of the present study was to develop a mathematical model based on the measurement data and application of artificial neural network (ANN) for predicting daily concentrations of traffic caused air pollution in an urban area, in this case of the town of Subotica.This location has been choosen because it is a site of heavy traffic-induced pollution, as an important international road is crossing the town center
Experimental determination of air quality parameters
The measurements of the air quality were carried out in a residential-business zone, at the main crossroad of the Subotica town. The measurement station mainly serves to monitor the level of traffic-originated pollutants. It is equipped with the analyzers for measuring concentrations of nitrogen oxides, carbon monoxide, ozone, sulfur dioxide, PM10, BTEX. At the same time it is equipped with the sensors for measuring the meteorological parameters such as wind speed and direction, intensity of solar radiation, temperature, and air humidity ( The automatic station is equipped with a total of 6 analyzers for monitoring the concentration of the pollutants and 5 sensors for meteorological parameters. The station characteristics are classified in accordance with the Directive on reciprocal exchange of information -EoI [3] .
Analysis of the influence of meteorological parameters on the PM10 concentration
The data obtained by the measurements in the investigation period that lasted from June 2008 to April 2009 were subjected to a detailed analysis with the aim of determining the concentration levels, behavior of the pollutants in a particular time and space, as well as the influence of the other parameters affecting the behavior of the pollutants themsleves. By analyzing the meteorological parameters it was concluded that the PM10 concentration is influenced by the following parameters: temperature, wind speed, and air humidity.
Temperature -High temperatures are related to the slowing of air motion, clear and sunny weather, as well as to the stagnation and poor circulation of air masses in the higher atmospheric layers. The high temperatures and immobile air masses lead to the production and accumulation of the pollutants, so that temperature can be considered as one of the parameters that are powerful predictors of the high PM10 concentration levels. The temperature gradient is influenced by the solar radiation, which increases the kinetic turbulence energy and the height of the layer of mixing of air masses. If the height of air mixing layer above the urban area is low, the pollutants tend to accumulate in the surface layer of the air mass. The temperature and solar radiation influence the formation of the new, secondary, particles in the atmosphere [4] . The correlation between the PM10 concentration and the difference between the maximal and minimal daily temperatures (Δt) of r=0.29 is considered as significant [5] . The analysis of the measurement data served as the basis for defining the correlation between the difference of maximal and minimal temperatures (Δt) measured during a day and mean daily concentration of PM10 (PM10 D24), and the value r=0.87 was considered as significant for the further numerical evaluation. Wind speed and direction -Wind speed appeared to be the most significant meteorological parameter that determines the horizontal transport and dispersion of PM10. It was found that low wind speeds result in elevated concentrations of the pollutants. As can be seen from Figure 2 , showing the dependence of the logarithm of the PM10 (D24) concentration on the wind speed, that at higher wind speeds the PM10 concentrations have a decreasing tendency (r=-0.28), which can be explained by increased dispersion of the pollutants in a larger air volume. The correlation between the PM10 concentration and wind speed is statistically significant.
Daily variations of the PM10 concentration.
A detailed analysis of the data showed that the PM10 concentration varies during a day. An increase in the concentration is characteristic of the morning hours (morning peak) from 7 to 10 h, followed by the stagnation from 11th hour and a mild decrease, but with still high concentrations registered to 18 h, when another increase is observed to 22 h. The mean concentrations in the interval from 18 and 22 h are above the maximal tolerable daily value of 50
During the night, the PM10 decreases to the early morning hours, when a new cycle begins (Figure 3) . It is important to point out that the distribution of certain PM10 concentrations varies during a day. Statistical treatment of the available data leads to the conclusion that during 24 h the percentages of particular PM10 concentrations show daily variations. 
Architecture of the adopted ANN
The obtained experimental results were used to develop a mathematical model for predicting the mean daily concentration of PM10. The mathematical model is based on the application of the ANN in the frame of the software package Matlab R2006a [6] . Survey of the input parameters used for the ANN model is given in Table 3 . These parameters have been collected at the measuring place.
For predicting the mean daily concentrations of PM10 use was made of the feedforward type of ANN. It is a nonrecursive network, so that the higher leyers do not return information to the lower layers. Optimal ANN structure is obtained by the numerical experiments, by repeating the teaching in several cycles, that is by repeating it until a network is obtained that shows the smallest quadratic error on the data set that is taken for the validation. The ANN used is a mulilayer network which, apart from the input and output layers, has a hidden layer at the medium level. In the hidden layer use is made of a transig activation function which allows the attaining of the nonlinearity in the network (see Fig. 4 ). The input data for the ANN simulation were the forecasted meteorological data (for N=1) and mean PM10 concentration in the interval from 0 to 10 h on the day to which the forecast is related (N=1) ( Table 3) . To evaluate the prcision of the ANN model use was made of the following errors: root mean square error (RMSE), mean absolute error (MAE), coefficient of correlation (r), mean absolute percentage error (MAPE), and mean deviation error. The reason for choosing the above errors is the comparative analysis of the model developed in the present work with the literature models [4, [7] [8] [9] [10] [11] [12] (Table 4 ). For example, Papanastasiou et al. [7] 
Numerical simulation of mean daily PM10 concentration
In the numerical simulation of the assessment of the daily PM10 dose using ANN the input data were the forecaseted meteorological data (N=1) and mean PM10 concentration for the previous day -PM10 (D24) 0 . The features of the input parameters for the numerical finding of the mean daily PM10 concentrations are given in Table 5 . 
Conclusions
Based on the measurement data for the concentration levels of PM10 and meteorological conditions obtained in the measurement station of the town of Subotica in the period June 2008 -April 2009, a model has been developed for predicting mean daily concentrations of PM10. The results showed that the mean daily concentrations may be obtained using ANN with a defined level of deviations. On the basis of the evaluation of the RMSE, MAE, MAPE, d and MBE it was concluded that the developed model shows a satisfactory forecasting performance.
The previous studies [13] using a number of different methods to forecast the pollutants concentrations proved that standard modeling methods could not forecast sudden pollution episodes (e.g. 142nd day, Figure 5 ), so that the developed model has to be further upgraded and adapted to new situations. In addition to standard meteorological data (temperature, wind speed and direction, air humidity), some studies, like [14] , showed that the parameters such as the amount of precipitation, height of the atmospheric mixed layer, traffic density, etc. play a significant role in the process of transport of the different particulate matter in the air, which may be subject of a future research.
